Introduction
During the evolutionary process, plants have developed mechanisms to respond to different types of stress, either abiotic, such as drought, salinity and high temperature (Shah et al., 2014) , or biotic, such as pathogens (Shah and Zeier, 2013) . These defence mechanisms remain inactive or latent until they are activated after exposure and/or contact with inducing agents (Mandal, 2010) .
Plants have several defence mechanisms against pathogens. The octadecanoid pathway is one of the best known mechanisms in plant defence, and its final product, the jasmonic acid is a plant hormone that induces the expression of several genes related to defence against stress (Shah et al., 2014) . Additionally, this pathway induces the production of H 2 O 2 , a reactive oxygen species (ROS) that can act as a first defence signalling molecule in plants. A number of other reactive species, as well as several antioxidant enzymes, are constantly modulated in the presence of a certain stress in order to overcome it (Vandenborre et al., 2011; O'Brien et al., 2012; Davar et al., 2013; Raoni and Pratyusha, 2013) .
The infection caused by a pathogen may induce dramatic changes in the activity of plant cells around the site of invasion and may lead to the induction of resistance, known as the hypersensitive response (HR), characterised by rapid cell death at the site of infection (Durrant and Dong, 2004) . Although this reaction is known for almost a century, it is not yet clear whether cell death has any direct role in resistance or if it is a consequence of signalling mechanisms that lead to events that inhibit pathogen action (Thakur and Sohal, 2013) .
Systemic acquired resistance (SAR) and induced systemic resistance (ISR) designate the mechanisms by which plants activate defence mechanisms not just in the induction site but also at other places, after being exposed to an inducing agent (Conrath et al., 2006) . Advances in research involving ISR in plants have been accompanied by the emergence of new commercial products with higher efficiency, stability and with less impact on the environment than existing ones. These new products are able to increase agricultural productivity not only by reducing the losses caused by pathogens but also by increasing vegetative growth (Farouk and Osman, 2011) . Acibenzolar-S-methyl (ASM) was the first SAR inductor released for commercial use . Since then, several other products have become available on the market or are currently being researched (Graham and Myers, 2011) . Secondary compounds present in medicinal plants have also been used as resistance inducers due to their important roles in plant-pathogen interactions, either by direct antimicrobial action or by the induction of defence mechanisms in other plants (Garcia-Brugger et al., 2006) . This review provides an updated summary of plant defence responses and describe some resistance inducers that are used to induce systemic responses in plants as well as the associated oxidative metabolism.
Defence mechanisms
Plants have natural resistance mechanisms for defending themselves against pathogenic organisms that are characterised by the resistance ability of the plant to decrease or avoid the establishment of certain populations of pathogens (Farouk and Osman, 2011) .
The better understanding of plant signalling pathways has led to the discovery of natural and synthetic compounds called resistance inducers that induce defence responses in plants similar as the ones induced by pathogen infection (Gómez-Vásquez et al., 2004) . Different types of resistance inducers have been characterised, including carbohydrate polymers, lipids, glycopeptides, and glycoproteins. In plants, a complex array of defence responses is induced after detection of microorganism via recognition of elicitor molecules released during plant-pathogen interaction. Following elicitor perception, the activation of signal transduction pathways generally lead to the production of reactive oxygen species, phytoalexin biosynthesis, reinforcement of plant cell wall associated with phenyl propanoid compounds, deposition of callose, synthesis of defence enzymes, and the accumulation of pathogenesis-related (PR) proteins, some of which with antimicrobial properties (Van Loon and Van Strien, 1999; Madhusudhan et al., 2008; Aryal et al., 2011; Thakur and Sohal, 2013) . ROS lead to hypersensitive response (HR) (Agrios, 2005) in plants which is a rapid death of one or few cells at the infection site to delimit the pathogen growth. Following the activation of HR, uninfected distal parts of the plant may develop resistance to further infection, a phenomenon known as systemic acquired resistance (SAR). SAR is effective against diverse pathogens, including viruses, bacteria, and fungi (Heil and Bostock, 2002; Graham and Myers, 2011; Elsharkawy et al., 2013) .
When resistant plants recognize resistance inducers, intracellular signal transduction pathways are activated. These pathways ultimately result in the derepression of a battery of genes called defence response genes. These latter genes encode various pathogenesis related (PR) toxic proteins such as chitinases, glucanases, lysozyme-active proteins, or cell wall strengthening proteins such as hydroxyproline rich glycoproteins. Response proteins may also be enzymes that act in biosynthetic pathways for lignification of cell walls or production of phytoalexins, low molecular weight toxic chemicals that antagonize the invader. In the following section, the biochemical response of plant defence mechanism related to PR-proteins including chitinase and glucanase, as well as plant lignin content will be explained (Ebrahim et al., 2011) .
The production and accumulation of PR proteins in plants in response to invading pathogen and/or stress situation is very important (Liu and Ekramoddoullah, 2006) . Phytoalexins are mainly produced by healthy cells adjacent to localized damaged and necrotic cells, but PR proteins accumulate not only locally in the infected and surrounding tissues but also in remote uninfected tissues. Production of PR proteins in the uninfected parts of plants can prevent the affected plants from further infection (Ryals et al., 1996; Delaney, 1997; Ebrahim et al., 2011) . PR proteins in plants were first discovered in tobacco plants infected with Tobacco mosaic virus (Van Loon and Van Kammen, 1970) . At present, these proteins have been found in many plants. Most plant PR proteins are acid-soluble, have low molecular weight, and are proteaseresistant Neuhaus, 1999) . PR proteins depending on their isoelectric points may be acidic or basic proteins but they have similar functions. Most acidic PR proteins are located in the intercellular spaces, whereas, basic PR proteins are predominantly located in the vacuole (Legrand et al., 1987; Niki et al., 1998; Van Loon and Van Strien, 1999) . PR proteins have been classically divided into 5 families (Sels et al., 2008) based on molecular mass, isoelectric point, localization and biological activity (Van Loon, 1985) . Currently PR-proteins are categorized into 17 families according to their properties and functions, including b-1,3-glucanases, chitinases, thaumatin-like proteins, peroxidases, ribosome-inactivating proteins defences, thionins, nonspecific lipid transfer proteins, oxalate oxidase, and oxalate-oxidase-like proteins (Van Loon and Van Strien, 1999) .
Among these PR proteins, chitinases and b-1,3-glucanases are two important hydrolytic enzymes that are abundant in many plant species after infection by different type of pathogens. They play a main role on defence reactions against fungal pathogens by degrading their cell walls, of which chitin and b-1,3-glucan are major structural components. b-1,3-glucanases appear to be coordinately expressed along with chitinases after fungal infection. This co-induction of the two hydrolytic enzymes has been described in many plant species, including pea, bean, tomato, tobacco, maize, soybean, potato and wheat (Mauch et al., 1988a; Mauch et al., 1988b; Vogelsang and Barz 1993; Jach et al., 1995; Bettini et al., 1998; Lambais and Mehdy, 1998; Petruzzelli et al., 1999; Cheong et al., 2000; Li et al., 2001; Ebrahim et al., 2011) .
Constituent chemical and anatomical factors such as cuticles and preformed cell walls and inhibitors, may be sufficient to prevent colonization of plant tissues. However, if penetration occurs, the induced defence system is activated. This includes the rapid generation of reactive oxygen species, changes in cell wall polymers, synthesis of low molecular weight metabolites such as phytoalexins, production of new classes of proteins related to the defence and a hypersensitivity response followed by programmed cell death (Thakur and Sohal, 2013) . Collectively, these systems first prevent the pathogen entrance and then inhibit the pathogen establishment (Shewry and Lucas, 1997; Thakur and Sohal, 2013) .
The induced resistance (IR) can be activated by a number of substances, preventing or delaying the entry or subsequent activity of the pathogen in their tissues (Abdel-Kader et al., 2013; Shah et al., 2014) . Several agents can induce the production of "signs" in plant tissues, triggering reactions that culminate in a lasting protection against a wide range of pathogens. The perception occurs when the inducing agent molecules bind to receptor molecules that are probably located in the plasma membrane of the plant cell. These reactions trigger the activation of several defence mechanisms (Graham and Myers, 2011) . The IR can be divided into two categories, systemic acquired resistance and induced systemic resistance (Van Loon et al., 1998) . In SAR, resistance develops systemically in response to a pathogen that causes necrotic lesions or through exogenous application of salicylic acid or synthetic compounds such as ASM and 2,6-dichloroisonicotinic acid (INA). In SAR, the expressed resistance is generally effective against a broad spectrum of pathogens and is associated with the synthesis of proteins related to pathogenesis, many of them have antimicrobial activity and are excellent molecular markers for resistance response. SAR is induced by pathogens or chemicals activators (Mandal, 2010) , it is characterised by the expression or production of a signal released from the site of infection that causes necrosis and translocation of this signal to other parts of the plant, inducing defence reactions that will protect the plant against subsequent attacks. Cell wall modifications, phytoalexins production and protein translation related to pathogenesis by increasing gene expression, are among the induced defence mechanisms by SAR (Ebrahim et al., 2011) .
ISR is usually induced by rhizobacteria and signalling is mediated by jasmonic acid and ethylene (Van Loon et al., 1998; Thakur and Sohal, 2013) . In ISR, the inducer does not cause necrotic symptoms at the site of infection, but induces the plant to a systemic protection. In this mechanism, there is no accumulation of pathogenesis-related proteins, the plant that suffers induction does not show alterations, the inducing agent is usually a nonpathogen and induction is not salicylate-dependent, suggesting that there may be another signalling pathway more associated with jasmonates and ethylene (Van Loon et al., 1998; Farouk and Osman, 2011) .
According to some authors, although the induction of resistance has great potential in plant protection, it should not be seen as a redeeming solution to all problems, mostly because several steps involved in the activation of induced resistance mechanisms are not yet well studied. In addition, according to some researchers, the use of resistance for a given pathogen may be associated with the inducing effect of susceptibility to pests and herbivores (Bostock, 1999; Cameron, 2000; Mandal, 2010) .
Chemical signalling and oxidative metabolism
Different responses can be given to a lesion caused by injury according to the part of the plant affected (Shah et al., 2014) . In addition, plants of different ages may present different levels of protein expression in similar vegetative organs (Buchanan et al., 2000) and the physiological state of the plant may also influence the response (Alarcon and Malone, 1995) .
In the process of interaction of the pathogen with the plant, it may occur compatibility (susceptibility) or incompatibility (resistance) (Heil and Bostock, 2002) . Once an incompatible interaction occurs, a series of responses involving the release of signalling molecules is triggered, starting with the recognition or perception, signal transduction and translation for the activation of defence genes (Bostock, 2005; Walters et al., 2007) .
Plants activate several barriers of defence against the attack of pathogens (Jones and Dangl, 2006) . The first line of defence is triggered by the recognition of invariant microbial epitopes known as pathogen associated molecular patterns (PAMPs). PAMPs recognize potential pathogens in the innate immune system of both plants and animals. Examples of PAMPs are conserved cell surface structures like flagellin, lipopolysaccharides or peptidoglycanes from gram-negative bacteria or fungal cell wall components like glucan or chitosan. These PAMPs are recognized by distinct cell surface pattern recognition receptors that activate basal or innate immune responses, which is termed PAMPtriggered immunity (PTI). Pathogens (virulent) use effectors (virulence factors) to block this PTI leading to virulence. However, some plant cultivars have evolved specific surveillance proteins, the Resistance (R) proteins, that recognize these effectors (called avirulence -avr -factors and the pathogens being avirulent), mounting a second line of defence called effector-triggered immunity (ETI) (Torres, 2010) . ETI is stronger than PTI and usually displays an HR with cell death associated to the pathogen infection (Jones and Dangl, 2006) .
Usually of a proteinaceous nature, the receptor is located in the plasma membrane and inside the cell. The receptor mediates the perception signals derived from the elicitor or pathogen, and causes alterations in the cellular metabolism, such as activation of G proteins, increase of ions flux across the plasma membrane, kinases and phosphatases activity and production of secondary messengers (Garcia-Brugger et al., 2006) . G proteins interact with receptor and increase the affinity for GTP (guanine triphosphate), and when the replacement of GDP (guanine diphosphate) by GTP occurs the protein becomes active, interacting with other plasma membrane proteins, such as the ones that function as ions channels, phosphodiesterases and phospholipases, and this complex (G protein -elicitor receptorplasma membrane proteins) gains the ability to diffuse the signal, inducing the activity of specific intracellular proteins (Bowles, 1990; Ebrahim et al., 2011) .
The opening of an ion channel in the plasma membrane occurs due to the interaction elicitor/receptor stimulating an ions flux across the membrane, altering the transmembrane potential and causing the extracellular alkalinisation due to the entry of H + and Ca 2+ and exit of K + and Cl À . The entry of Ca 2+ in the cell activates oxidative reactions that can act directly in defence and/or trigger other defence reactions (Dixon et al., 1994; Thakur and Sohal, 2013) . The phosphorylation of cytoplasmic proteins by kinases is a key mechanism in the signalling system for intracellular signal transduction, it leads to the stimulation of a membrane oxidase involved in the generation of the superoxide ion, initiating the oxidative burst (production of ROS, including H 2 O 2 ), direct induction of gene transcription, jasmonic acid biosynthesis (highly variable in concentration in plant tissues) and/or ethylene and apoptosis (Gill and Tujela, 2010; O'Brien et al., 2012) .
Salicylic acid, jasmonates, ethylene, nitrous oxide, protein kinases and phosphatases have been reported as being involved in the transduction of signal resistance inducers, converting received signals into specific responses inside the cells (Mandal, 2010; Farouk and Osman, 2011) . The hormones involved in defencerelated processes may act alone or together and control each other's effects (Shah et al., 2014) . Among the secondary messengers identified as putative mediators of defence responses, one can highlight cAMP, Ca 2+ , Ca 2+ -calmodulins complex, inositol triphosphate protein kinases (IF3) and ROS (O'brien et al., 2012) . The production of ROS is required for hypersensitivity response, HR, or in other words, the programmed death of cells adjacent to the infection, limiting the pathogen access to water and nutrients (Thakur and Sohal, 2013) . The main points of production of ROS are chloroplasts and mitochondria, mainly because these organelles have high metabolic oxidation activity and intense electron flow. In chloroplasts, the formation of ROS is related to photosynthesis events. The photorespiration phenomenon in peroxisomes is another form of H 2 O 2 production. In mitochondria 1-5% of O 2 consumed in dark conditions may be responsible for the production of ROS. Other important sources of ROS production in plants receiving little attention, are the detoxification reactions catalysed by cytochrome P450 in the cytoplasm and endoplasmic reticulum. These reactive species are also generated at the plasma membrane level or extracellularly in the apoplast (Garcia-Brugger et al., 2006; Gill and Tuteja, 2010) . In case of virus infections is, sometimes, located in the cytoplasm. (Fig. 1) .
Early studies did not detect any reactive oxygen species (ROS) production in systemic tissues during the onset of SAR (Neuenschwander et al., 1995; Ryals et al., 1995) . However, In 1998, it was discovered that H 2 O 2 accumulates in small groups of cells in uninoculated leaves of Arabidopsis after infection with an avirulent strain of Pseudomonas syringae (Alvarez et al., 1998) . These microbursts occur within two hours after an initial oxidative burst in the inoculated tissue and are followed by the formation of microscopic HR lesions. Using catalase to scavenge H 2 O 2 , or DPI (diphenylene iodonium) to inhibit the NADPH oxidase, it was demonstrated that both the primary and secondary oxidative bursts are required for the onset of SAR. The authors proposed that microbursts of ROS might activate defence responses at a low level throughout the plant and this contributed to the SAR-induced state (Durrant and Dong, 2004) .
The most biologically important ROS are the free radicals H 2 O 2 (hydrogen peroxide), O 2 .À (superoxide) and OH À (hydroxyl radicals), these are considered "active" or "reactive" because they do not require energy input to react with other molecules. The superoxide (O 2 .À ) can be produced in plants by many mechanisms including the activation of NADPH oxidase/synthases bound to the membrane, cell wall peroxidases, lipoxygenases, and as a result of electron transfer from mitochondria or chloroplasts. The O 2 .À usually oxidises organic molecules such as ascorbate or metals such as Fe 3+ (Saathoff et al., 2013; Thakur and Sohal, 2013 pathogens and is involved in cell wall strengthening and in the lignin biosynthesis process. It also acts as a second messenger, being responsible for the activation of the benzoic acid hydrolase, the enzyme responsible for the conversion of benzoic acid into salicylic acid. ROS are highly reactive and toxic to the cell and to the attacker, being quickly removed from the medium by antioxidant enzymes such as superoxide dismutases, ascorbate/glutathione cycle enzymes, catalase and b-carotene (Raoni and Jyothsna, 2010; Davar et al., 2013; Shah et al., 2014) . SODs can be linked to a metal, Cu/Zn, Mn and Fe, present in the cytosol, chloroplasts and mitochondria, respectively. The ascorbate or glutathione cycle is the main ROS removal system in the chloroplast. The enzymes involved in this cycle include: ascorbate peroxidase, dehydroascorbate reductase, monodehydroascorbate reductase and glutathione reductase (Thakur and Sohal, 2013; Raoni and Pratyusha, 2013 (Garcia-Brugger et al., 2006) . In 1998, when Alvarez et al. (1998) worked with Arabidopsis, they observed that H 2 O 2 accumulated in leaves in small groups of cells after being inoculated with an avirulent agent, Pseudomonas syringae. This accumulation occurred within two hours after the initial oxidative burst in inoculated tissue, followed by the formation of microscopic lesions of hypersensitivity response. When using catalase to remove H 2 O 2 , or DPI (difenilenoiodonium) to inhibit NADPH oxidase, it was demonstrated that the primary and secondary oxidative bursts were required for the beginning of SAR. The authors proposed that the oxidative microbursts in reactive oxygen species can activate defence responses and contribute to SAR.
Resistance inducers
Exogenous application of plant resistance inducers (PRIs) able to activate plant defences is an interesting approach for new integrated pest management practices. The full integration of PRIs into agricultural practices requires methods for the fast and objective upstream screening of efficient PRIs and optimization of their application (Bernonville et al., 2014) . The induction of resistance has been extensively studied in order to develop new alternatives in disease control, particularly to develop measures that will minimise the impact to the environment and to man. The induction of resistance can be obtained through the use of natural products, with fungal or plant origin, and it has also the advantage to allow responses to the attack of a wide range of pathogens mostly because it has no specific mechanisms of action (Madhusudhan et al., 2008; Graham and Myers, 2011) .
Elicitor or inductor is defined as a molecule or molecules present in an organism or produced by the plant itself and whose functions include the generation of defence responses (Mandal, 2010) . Molecules of fungi, bacteria and virus can be resistance inducers. These are mostly made up of proteins and carbohydrates present in the cells of plant pathogens.
Several studies have shown that the use of external resistance inducers activate defence mechanisms in most of the species studied. Madhusudhan et al. (2008) when using Acibenzolar-Smethyl pre-treatment to tomato and tobacco plants reduced the concentration of Tomato mosaic virus (ToMV) and Tobacco mosaic virus (TMV) through a mechanism that involves RdRp (RNAdependent RNA Polymerase) and AOX (Alternative Oxidase) gene induction.
Mandal (2010) investigated an induced resistance in eggplant (Solanum melongena L.) in respect to cell wall strengthening and defence enzyme activation affected by four resistance inducers, chitosan (CHT), salicylic acid (SA), methyl salicylate (MeSA) and methyl jasmonate (MeJA). The increase in total phenolic content and lignin eposition in the cell wall of eggplant roots by the resistance inducers was significantly higher. Phenylalanine ammonia-lyase (PAL) activity showed an increase. Highest activity of peroxidase (POD) was observed at 24 h after elicitation under the precise influence of CHT and SA. The activities of polyphenol oxidase (PPO), cinnamyl alcohol dehydrogenase (CAD) and catalase (CAT) were also increased several folds by the resistance inducers. Accumulation of phenolics and lignin in high amounts, together with higher activity of major defence enzymes in response to the resistance inducers, may bolster eggplants in mounting practical and effective resistance against Ralstonia solanacearum, a devastating pathogen that causes plant wilt.
De Meyer et al. (1998) provided arguments for the participation of induced plant defence in Trichoderma harzianum T39 control of Botritis cinerea in tomato, lettuce, pepper, bean and tobacco, which resulted in a 25-100% reduction of grey mould symptoms, caused by a delay or suppression of spreading lesion formation. Elsharkawy et al. (2013) evaluated T. asperellum SKT-1 for induction of resistance against yellow strain of Cucumber mosaic virus (CMV-Y) in Arabidopsis plants. Disease severity was rated at 2 weeks post inoculation (WPI). CMV titre in Arabidopsis leaves was determined by indirect enzyme-linked immunosorbent assay (ELISA) at 2 WPI. Their results demonstrated that among all Arabidopsis plants treated with barley grain inoculum (BGI) of SKT-1 NahG and npr1 plants showed no significant reduction in disease severity and CMV titre as compared with control plants. In contrast, disease severity and CMV titre were significantly reduced in all Arabidopsis plants treated with culture filtrate (CF) of SKT-1 as compared with control plants. RT-PCR results showed increased expression levels of SA-inducible genes, but not JA/ETinducible genes, in leaves of BGI treated plants. Moreover, expression levels of SA-and JA/ET inducible genes were increased in leaves of CF treated plants. In conclusion, BGI treatment induced systemic resistance against CMV through SA signalling cascade in Arabidopsis plants. While, treatment with CF of SKT-1 mediated the expression of a majority of the various pathogen related genes, which led to the increased defence mechanism against CMV infection.
Harpins are glycine-rich and heat-stable proteins that are secreted through type III secretion system in gram-negative plantpathogenic bacteria. Many studies show that these proteins are mostly targeted to the extracellular space of plant tissues, unlike bacterial effector proteins that act inside the plant cells. The first harpin of pathogen origin, HrpN of Erwinia amylovora, was reported in 1992 as a cell-free elicitor of hypersensitive response (HR). Some harpins were shown to have virulence activity, probably because of their involvement in the translocation of effector proteins into plant cytoplasm. Based on this function, harpins are now considered to be translocators. Their abilities of pore formation in the artificial membrane, binding to lipid components, and oligomerization are consistent with this idea. When harpins are applied to plants directly or expressed in plant cells, these proteins trigger diverse beneficial responses such as induction of defence responses against diverse pathogens and enhancement of plant growth (Choi et al., 2006) . Obradovic et al. (2005) studied two strains of plant growthpromoting rhizobacteria, two systemic acquired resistance inducers (harpin and acibenzolar-S-methyl), host-specific unformulated bacteriophages, and two antagonistic bacteria for control of tomato bacterial spot incited by Xanthomonas campestris pv. vesicatoria in greenhouse experiments. The results showed that when plant growth-promoting rhizobacteria strains were applied alone or in combination with other treatments, they had no significant effect on bacterial spot intensity. Antagonistic bacterial strains, when applied alone, had negligible effects on disease intensity. Acibenzolar-S-methyl completely prevented occurrence of typical symptoms of the disease, however necrotic spots typical of a hypersensitive reaction (HR) were observed on plants treated with acibenzolar-S-methyl alone. Electrolyte leakage and population dynamics experiments confirmed that acibenzolar-S-methyltreated plants responded to inoculation by eliciting an HR. Application of bacteriophages in combination with acibenzolar-S-methyl suppressed a visible HR and provided excellent disease control. These authors concluded that thentegrated use of acibenzolar-S-methyl and phages may complement each other as an alternative management strategy against bacterial spot on tomato.
The efficacy of hexanoic acid (Hx) as an inducer of resistance in tomato plants against Pseudomonas syringae pv. tomato DC3000 was demonstrated by Scalschi et al. (2014) and the plant response was characterized. Their work provided the first demonstration of the response of the pathogen to the changes observed in plants after Hx application not only in terms of the population size but also of the transcriptional levels of genes involved in quorum sensing establishment and pathogenesis. It is possible that Hx treatment attenuates the virulence and survival of bacteria by preventing or diminishing the appearance of symptoms and controlling the growth of the bacteria in the mesophyll. Hx is able to alter bacteria pathogenesis and survival only when it is applied as a resistance inducer because the changes it promotes in plants affect the bacteria.
The best known commercial resistance inducer is ASM (Dietrich et al., 2005) , which is a structural and functional analogue of salicylic acid. It induces resistance in various plant species against a broad spectrum of pathogenic viruses, bacteria, fungi and nematodes. Studies using this elicitor demonstrate rapid expression of resistance-related genes such as glucanases and chitinases (Dietrich et al., 2005) . Comparative studies are being done in an attempt to obtain a new commercial resistance inducer due to the wide use of ASM and to understand the defence mechanisms activated with the use of these products.
ASM and other commercial inducers of resistance have been extensively evaluated as components for plant disease control in the field (Vallad and Goodman, 2004) ; however, their effectiveness for practical application in disease management has been questioned due to variability of control (Walters and Fountaine, 2009) . Field studies showing promising results for control of bacterial diseases have been conducted with foliar sprays of ASM either alone or in combination with copper on tomato and pepper (Louws et al., 2001; Romero et al., 2001) . For citrus, foliar application of ASM was effective against citrus canker under greenhouse conditions but foliar sprays of ASM combined or alternated with copper oxychloride did not contribute to the control of canker on sweet orange trees in field trials (Graham and Leite, 2004) . Expression of the PR protein (b-1,3 glucanase) gene, PR-2, in citrus increased in response to ASM and isonicotinic acid (INA). However, PR-2 response and reduction of lesions after foliar sprays was sustained for only a few weeks (Dekkers et al., 2004) . Likewise, ASM induced acidic PR-1 expression in tomato for 7-10 days (Herman and Restrepol, 2007) , confirming that foliar applications at weekly intervals are required for field control of Xanthomonas leaf spot and Pseudomonas bacterial speck on tomato (Louws et al., 2001 ).
Conclusions
The protection of plants against pathogens through induced resistance can be made through the use of exogenous substances. It is likely that induced resistance against diseases either through chemical activators or other means will become an important component of pest management programs, particularly in cases where current control measures are little effective. Obviously, one of the outcomes of the use of this new technology should be a reduction of the use of traditional pesticides, which is of a major concern regarding the preservation of the environment.
However, more studies are needed regarding the defence mechanisms that are activated in each case, and the responses that are triggered so that these resistance inducers may be released to the market. And most importantly, it is essential to understand that resistance inducers do not perform miracles and it is still needed an integrated management to reduce to the lowest the losses caused by diseases.
